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material thickness B using the following expression: 
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Since the energy required to propagate the fracture under plane stress condi¬ 
tions must be high because of the arrestable crack characteristics, it follows that the 
critical flaw size under plane stress should be higher than that under plane strain 
conditions. According to the science of fracture mechanics, the relation between 
the two crack lengths may be stated as follows: 
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This expression can be obtained from Eq. (14.4) by making the crack ratio directly 
proportional to the square of the ratio of the respective stress intensity factors K c 
and K 1C . Note that a c and a Cl can represent the total as well as the half-length 
of the cracks. 

Although the concept of K c is relatively easy to adapt to the analysis of thin- 
walled components, the task of experimental determination of the K c values is not 
without some serious limitations. The fracture corresponding to the K c parameter 
is of a mixed-mode type involving large amounts of crack-tip plastic flow. Also, 
the critical length of the crack is difficult to establish because of the limitations 
of the instrumentation. Nevertheless, approximate values of K c can be derived 
experimentally in such cases as, for example, wide panels and sheets. Such a process 
may be based on the initial crack lengths and the stresses to failure. In the case 
of heavier sections in low-strength materials, however, more complex correlation 
techniques are needed before the results can be considered as applicable to design. 


PLANE STRESS CRITERION FOR PRESSURE 
VESSEL DESIGN 

The concept of K c lends itself to the application studies involving typical cylindrical 
vessels intended for internal pressure. In particular, we may wish to predict the 
burst pressure of the vessel for a given surface defect, such as a part-through, 
longitudinal flaw. The choice of the longitudinal orientation of the flaw relates 
well to the nature of loading in a pressurized cylinder where the critical membrane 
stress is likely to be in the hoop direction. The task, then, is to estimate the 
internal pressure to failure when the dimensions of the flaw and a specific value 
of the plane stress parameter K c are known. The basic question in this type of 
analysis is concerned with the essential design criterion of leak-before-break. This 
situation has, over the years, provoked a number of scientific investigations and it 
has always had an important issue of industrial safety attached to it. Ideally, given 
a through-the-wall crack, we would like to have an assurance that the vessel would 
leak rather than fail suddenly due to unstable crack propagation through the plate 



